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UPPER PACIFIC MILLS BRIDGE
HAER No, MA-72

Originally spanning the North Canal on Canal Street between
Franklin and Hampshire Streets, Lawrence, Essex County,
Massachusetts; Presently in storage at Merrimack College,
North Andover, Massachusetts

1864

Wrought-iron tubular tied arch bridge

Thomas W. H. Moseley, Cincinnati, Ohio

Moseley Iron Building Works, Boston, Massachusetts
One-lane vehicular bridge

Moved from original location; restoration in progress

The Upper Pacific Mills Bridge, built to carry workers and
supplies to the mills, is one of only three or four known
surviving examples of Thomas Moseley’s wrought-iron tubular
arch bridge, First built in 1855, Moseley’s bridge designs
evolved over a period of approximately twenty years and were
the subject of several U.S. patents. Moseley is generally
credited with introducing the riveted wrought-iron tubular
arch to the American market. The "tubular" arch is actually
a hollow triangle in cross-section, fabricated from iron
boiler plate. The prominent counterarches, beneath the main
arch of the bridge, were an attempt to prevent excessive
deflection of the arch under asymmetrical deck loading. The
Upper Pacific Mills Bridge was one of three tubular arch
bridges that Moseley built at Lawrence. It is the oldest
extant iron bridge in Massachusetts and one of the oldest
riveted wrought-iron bridges in the United States. The
bridge was rescued from demolition in 1989 and rehabilitated
by students at Merrimack College, under the direction of
Francis E. Griggs, Jr., Professor of Civil Engineering. The
intent is to return the bridge to a site on the North Canal
as a footbridge.

Documentation of the Upper Pacific Mills Bridge began in the
summer of 1990 as part of the Massachusetts Historic Bridge
Recording Project, and continued in the summer of 1991 as
part of the Cast & Wrought Iron Bridges Recording Project,
under the auspices of the Historic American Engineering
Record (HAER), a division of the National Park Service.
Historical information recorded by Francis E. Criggs, Jr.
Edited and transmitted by Lola Bennett, HAER Historian.
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DESCRIPTION

The Upper Pacific Mills Bridge is a 96-foot, single-span, riveted
wrought-iron Moseley tubular arch bridge with iron auspenders and
counterarches, The hollow upper chord is an isosceles triangle in cross-
section, and is comprised of riveted wrought-iron boilerplate. At various
intervals along its length, the sections of the tube are fastened together
with rivets and splice plates. (During the bridge’s rehabilitation, many of
the original rivets were replaced with bolts.) The upper chord, a segmental
arch in elevation, rises to a height of approximately 10’ above the level of
the lower chord at the center of the truss. The lower chord is comprised of
paired 1"x3" iron bars, bolted together with spliceplates. At either end of
the truss, the ends of the lower chord are forge-welded to shoe stops, on top
of which is a %" shoe plate to which the upper chord is riveted. The bridge
is approximately 18' wide.

Each truss is divided into five panels, with the upper and lower chords
comnected by a series of iron rods and straps. The rods (2-3/16" diameter)
are paired and located at the panel points, where they are secured to the
transverse floor beams by means of a strap and plate connection. At the upper
chord, the pairs of rods are secured by means of a bracket attached to the
underside of the upper chord. The rods straddle the angles of the
counterarches, and are connected at their midpoint with a 2%"x1’-4%" cross-
strap. A single %" rod is attached to the upper and lower chords at the
center of the truss. The suspension straps (2-5/16") are fastened vertically
and at even intervals along the length of the truss, eight within each panel.
They are suspended from iron hangers which are riveted into the upper seam of
the top chord, and pass through a slot in the bottom of the upper chord. The
straps pass between the angles of the counterarch and the lower chord bars,
and are secured beneath the lower chord by means of a stirrup and hex nut,

The prominent counterarches, composed of paired wrought-iron angles
(2%"x3%"x%"), extend beneath the main arch, from the footings to the crown.
The counterarches are fastened toc the upper chord at either end and the
midpoint by means of riveted brackets on the underside of the chord. These
counterarches were an attempt to prevent excessive deflection of the arch
under asymmetrical loading conditions.

The floor system--now removed--originally consisted of: four
continuous, triangular-section transverse floor beams, which were fastened to
the lower chord by means of a bent rod, stirrup and hex nut; timber stringers
resting on top of the flocor beams; and wooden decking on top of the stringers.
Originally, the floor beams were cantilevered ocut beyond the truss to support
sidewalks on both sides of the bridge.

HISTORICAL CONTEXT

The Great Stone Dam across the Merrimack River, completed in 1848, made
possible the creation of the new industrial city of Lawrence, Massachusetts.
This new city was similar to Lowell, built twenty years earlier just upstream.
Both cities were sited near rapids so as to tap the abundant water power of
the Merrimack River for textile mills, The five-foot drop at Lawrence,
however, required a high dam to provide water at the elevation needed to power
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the proposed mills. This dam was constructed between 1845 and 1848 under the
supervision of Charles Storrow, Chief Englneer for the Essex Company (the
organization which bullt the water power system and owned all of the land in
what 1s now the city of Lawrence). Considered an engineering marvel of its
day, the dam was made of massive granite blocks, and measured 33’ high and
1600’ long. The North Canal, over a mile in length, was constructed
simultaneously with the dam to supply water to the mills. (See Figure 1.)

Incorporated in 1853, the Upper Pacific Mills were the largest of the
original mills in Lawrence. Flnanced and managed by Abbott Lawrence, the
owner of several mills at Lowell, the Upper Pacific Mills were buillt on the
island between the Merrimack River and the North Canal. Water from the canal
flowed through penstocks to turn a turbine, which distributed power throughout
the mills by means of belts and iron shafts. By 1860, the Pacific Mills could
boast of being one of the largest producers of worsted and cotton goods in the
country.

As the mills became established at Lawrence, the companies bullt housing
for the workforce around the city’s industrial core. Bridges were an
immediate necessity to provide access for both materials and workers. Most of
the early bridges were simple timber spans, which often needed replacement
within a few years. 1In the 1860s, the Moseley Iron Bullding Works of Boston
erected three wrought-iron tubular arch bridges at Lawrence: the Munroe Paper
Company Bridge, near the Intersection of Merrimack Street and South Broadway
(1867-1970s8); the Washington Mills Canal Bridge, near the intersection of
Canal and Mill Streets (1863-1886); and the Upper Pacific Mills Bridge,
between Franklin and Hampshire Streets (1864-). (See Figure 2.) Of the three
Moseley trusses, only the Upper Pacific Mills Bridge has survived,

The Upper Pacific Mills Bridge was bullt across the North Canal in 1864,
replacing a wooden bridge which had become unsafe. Today, this bridge 1s the
oldest extant iron bridge in Massachusetts, and one of the oldest wrought-iron
bridges in the United States. It is one of only three or four known surviving
examples of a Moseley truss in the nation. (See Figure 3.) The Great Stone
Dam is still standing, as are many of the brick mills built in the 1850s and
60s. Nearby, the mills and canals of the city of Lowell attract large numbers
of visitors each year.

As one of the oldest surviving iron bridges in the country, the Upper
Pacific Mills Bridge is significant in its own right, but it becomes even more
significant when viewed within the context of the industrial development of
the late-nineteenth century. At about the same time that the textile mills
were expanding, the first bridge building companies were belng organized.
Mass-productlion and standardization of parts were adopted by both industries
to increase both productivity and profits. In the bridge manufactories,
bridge sections were fabricated prior to being shipped to the site. The
bridge companies published catalogs of thelr work, and bridges were ordered
"off the shelf,” in much the same way that cloth was ordered from the textile
mills. Thus, two very different artifacts--the cotton cloth produced in the
textile mills and the bridges produced in the bridge manufactories--share the
common link of mass-production. The significance of the Upper Pacific Mills
Bridge, therefore, takes on an added dimension within its original historical
and geographical context.
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THOMAS W, H, MOSELEY

Thomas William Henry Harrison Moseley was born in Mt. Sterling, Kentucky
on November 28, 1813. His first exposure to the iron business came when he
worked at Unlon Furnace, the first iron furnace built on the Ohio River at
Irontown, Ohio. This opportunity gave Moseley an introduction to iron-making
and allowed him to see iron put to many uses. He knew, for example, of
Captain Delafield’s cast-iron arch bridge on the National Road at Brownsville,
Pennsylvania, built in 1839--the first iron bridge built in the United States.
Moseley had, in fact, superintended the weighing and shipping of the
elliptical cast-iron tubes used in the bridge. For the rest of his life, he
continued to be fascinated by the production and uses of iron, writing in
1863: '

It may be confidently asserted that, except the Gospel, Iron
has been the most potent of all agents in the civilization
of mankind. It cannot but be observed, that, exactly in
proportion as communities, tribes, and nations have learned
the uses of this bounteous gift of the Creator, they have
advanced in.science, in culture, and in Christianity.?

In 1841, Moseley took up civil engineering, specializing in roadway layout and
bridges. He noted that bridges were his greatest challenge, saying:

Almost every individual, who as its engineer, has made ten
miles of road, has at one time or another conceived a new
plan of bridge; for of all the troubles which beset an
engineer in constructing and operating a road, its Bridging
is the greatest.

Moseley was first exposed to wooden bridges bullt by Lewis Wernwag and
Theodore Burr, who both used arches extensively. He apparently read the
technical journals of the day, as he was familiar with Robert Stephenson’s
Britannia Bridge made of wrought-iron plates riveted together into a
rectangular tube, which he referred to as "a gigantic monument to the brute
force of labor and money." Moseley also knew of Thomas Telford'’s iron arch
bridges in England, Scotland and Wales. He also may have been influenced by
Frederick Harbach's iron truss which used wrought iron plates riveted together
for the lower chord. Harbach built several of these bridges for the
Cleveland, Columbus and Cincinnati Railroad between 1848 and 1850. Moseley
was werking in that area at the time and could have seen some of Harbach's
trusses, where he may have picked up on the riveted wrought-iron tube idea.
While Harbach'’s trusses were based on the Howe form, however, Moseley believed
that "no bridge should be considered safe without the arch."” Moseley may also
have been aware of the designs of several other bridge builders, such as
Brunel, Whipple, and W.C. Harrison, but there is no documentation of how his
ideas were derived. Eventually, however, Moseley came up with a design for a
riveted wrought-iron tied arch.

In 1854 Moseley built his first tubular tied arch bridge across Bank
Lick Creek on the Bank Lick Turnpike near Covington, Kentucky. This bridge, a
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60-foot span, was constructed using only hand tools, and cest $2100. Four
years later, Moseley received a patent and set up a factory in Cincinnati to
manufacture his bridges. He went on to build over sixty of these bridges,
including seventeen in Ohio and eight in Kentucky. One of his bridges was a
59-foot aqueduct on the Ohio & Erie GCanal near Akron, Ohio, built in 1859.
This structure was sized to carry a trough of water 22' wide and 4' deep.

Moseley was planning to move his business to Richmond, Virginia, in
1861, as he had been offered the contract to build all of the bridges across
the James River and Kanawaha Canal. However, the beginning of the Civil War
forced him to cancel this plan and to shut down business in Cincinnati. He
then received an invitation, with a promise of financing, to move his
operation to New England, and shortly thereafter, Moseley established his
business at 31 Washington Street in Boston. His new plant, housing all of his
specially-designed equipment, was completed in October 1861, and Moseley began
to successfully build iron bridges and buildings throughout New England. (See
Figure 4.)

The company's 1863 prospectus gives some indication of just how well the
company was doing. 1In it, Moseley indicated that he was looking for someone
to set up a rolling mill near his manufactory, so that he would have a more
reliable source of plate stock in the sizes that he needed for his bridges and
roof structures. He stated that "no one business, well attended to, pays any
better than this; while in vitality and variety it excels almost any other."
He also indicated that the company had received requests from the British
Provinces, the West Indies and South America, convincing Moseley that "the
field is almost limitless for energy and enterprise.”

By 1870, Moseley had obtained three more bridge patents, all of which
were variations on his original patent. A company pamphlet from 1870 stated
that Moseley had built over two hundred bridges, including three bridges at
Lawrence, in the nine years since his company relocated in Boston. The Upper
Pacific Mills Bridge was built in 1864 at the height of the Civil War,
indicating that Moseley had a source of iron which was unusual as the war
effort was taking most of the resources of both the North and the South.

In 1871, Moseley sold his interest in the plant to the New England Iron
Company. A few years later he moved to Scranton, Pennsylvania, where he
"lived in style” until his death on March 10, 1880.3

THE MOSELEY TRUS

First built in 1855, Moseley’'s bridge designs evolved over a period of
approximately twenty years and were the subject of several U.S. patentz., (See
Appendix.) The design of the Upper Pacific Mills Bridge is based on the first
two patents.4 The first patent, issued February 3, 1857, described an iron
bridge having hollow arches whose transverse section was an isosceles
triangle. Moseley felt that these arches would "[present] at once the
combined features of extraordinary strength and lightness."” The bridge was
fabricated entirely of wrought iron plate, bars and strap stock at a time when
Squire Whipple, the premier iron bridge builder of his day, was constructing
bowstring trusses (patented in 1841) made of cast and wrought iron.

In his 1863 prospectus entitled Iron; New Enterprise in jts Mapufacture
and Appljications to Building, Moseley stated, "In 1859, a radical improvement
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was made In the bridge, greatly increasing its strength and stiffness." This
improvement was the addition of the counterarches and a short piece of iron
running from the loop over the top chord to the counterarch. Moseley
described this bridge as follows:

It is the result of long experiments to deviae a structure, which,
for moderate spans, should combine the utmost economy with
strength; and, at the same time, satisfy those who prefer a firm
and less elastic Bridge than the other. In rigidity it approaches
a stone bridge; while, even in New England, its cost is not far
from that of wood. For railway and common travel it is altogether
the most economical mode of construction yet invented.?

The Moseley Truss is better described as a stiffened arch than a truss,
It was one of the first bridges to be made entirely of wrought iron. The
upper curved members are made of triangular cross-sections. A curious aspect
of the structure is the function of the reversed-curve members beneath each
half of the arch, whose function Moseley stated was "to counteract undue
deflection.”" (See Figure 5.) Under full loading conditions the structure
functions as a classic rigid arch in which the depth of the structure varies
directly with the external bending moment present. Under partial loading
conditions, however, the structure is sensitive to shape changes and localized
bending, which can cause severe bending and eventual collapse. Analysis under
partial loading conditions indicates that detrimental bending develops in the
upper continuous members, particularly when the lower reversely curved members
are not present, However, the arch can be stiffened with additional members,
such as the reversely curved members in the Upper Pacific Mills Bridge. If
only one-half of the span were loaded, the portion of the arch over the
unloaded section is loaded eccentrically and would buckle upward, unless some
kind of counter is provided to resist this tendency. Analyses of the
counterarches indicates that their presence reduces the bending moments
present in the upper chords appreciably (by about one-fourth). Shapes of
stiffeners other than the reversed curve, however, would probably yield
similar results. Lateral stability was provided by inverted rigid frames
using transverse triangular beam sections and paired rod suspenders. Although
these devices were not mentioned as part of Moseley's original patent, they
are important to the viable functioning of the bridge under heavy loading
conditions.

REHABTL.ITATION

In the summer of 1989 the bridge's wooden understructure partially
collapsed, causing the eastern arch to buckle. The owner of the bridge,
Atlantic Enterprises, was Iinstructed by the city’'s engineering department to
either repair the structure or replace it with a new bridge. Atlantic
Enterprises, being the landlord to many companies on the island, was under
lease obligations to provide pedestrian access across the canal and had
decided to replace the bridge.

On July 9, 1989, Francis Griggs, a civil engineering professor at
Merrimack College made a site visit and discovered that the bridge’'s wooden
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deck was being removed following the collapse. The next day he talked to the
City Engineer, Santo Nicolosi, to find out what the plans were for the struc-
ture. Nicolosi referred him to representatives from Atlantic Enterprises, who
told him of the company’s plans to replace the bridge. Griggs asked if he
could have the bridge, as he hoped to rehabilitate it and return it to its
former use. Atlantic Enterprises agreed, with the proviso that the move would
not cost them anything. The contractor, Grasso Construction Company, was
planning to cut the bridge up and dispose of it, but Griggs knew Vincent
Crasso, a former student of his, and convinced him to remove the bridge as
carefully as possible and transport it to the campus of Merrimack College. ©On
July 15 the arches were lifted from their abutments and transported to the
campus,

The American Society of Civil Engineers and its student chapter program
encourages students to plan and carry out service projects in their local
communities. Professor Criggs talked with the officers of the ASCE student
chapter, the chairman of the Civil Engineering Department, and the President
of Merrimack College, who all agreed that the rehabilitation of the Upper
Pacific Mills Bridge should be a student project.

Prior to their actual work on the bridge, the students made measured
drawings via CAD (computer-aided drafting), and did structural analysis of its
various parts, While their analysis indicated that the counterarches
performed no useful function, other analyses have indicated that these arches
actually reduce the upper chord’'s tendency to bend under asymmetrical loading
conditions.® The Upper Pacific Mills Bridge is very similar to Moseley's
patented design, with a few minor exceptions. For instance, the patent states
that the vertical straps are riveted to the counterarches, but in the case of
the Upper Pacific Mills Bridge, the vertical straps pass between the two
angles of the counterarch, and are not riveted to it. Analysis indicated that
riveting or not riveting the straps to the counterarches was inconsequential
to the strength of the structure.

During the fall, winter and spring, the students removed the
deteriorated end portions of the arches and all of the rusted suspension strap
connections. Templates were made for new ends of each arch, and the new metal
was cut and bent to conform. Examination of the bridge revealed that the
bottom tension chord had corroded badly where it came out from underneath the
base plate and at several positions corresponding to the panel points. To
reinforce this member, a 2"x4" steel strap was welded to the bottom of the
strap throughout its length. Approximately two-thirds of the ninety-four
suspension straps could be reused; the others were replaced with new steel
straps.

The two arches were placed on temporary supports early in November and
rehabilitation began in earmest. The student team attempted to be as true to
the original design and materials as time and money would allow. After
searching a wide area for %" wrought-iron plate and finding none, the student-
engineers decided to use a steel alternative for the deteriorated sections;
welding was used in a few cases where it would not be visible; and, when a
riveter could not be located, bolts were used to replace the rivets that had
to be removed. Professor Criggs estimates that following the rehabilitation
approximately 90 percent of the bridge fabric is original wrought iron.

It is hoped that following the rehabilitation the bridge will be put
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back in place across the North Canal at Lawrence, near the location that it
occupled for over 125 years. Professor Griggs and his colleagues are

currently negotlating with the Lowell Heritage State Park and adjacent
landowners to find a site for the bridge.
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Figure 1. Map of Power Canal System at Lawrence, Massachusetts, 1845-1896

(U.S. Census, 1880, vol. XVI)
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Figure 2. Bird's-eye view of mills at Lawrence,
showing location of Upper Pacific Mills Bridge




UPPER PACIFIC MILLS BRIDGE

HAER No. MA-72

(page 11)

uogjawooy Teuldyro uy °3prag STTTH °131owd 1eddp 9yi ¢ =@andt4 ,

PR § abe, brv s




UPPER PACIFIC MILLS BRIDGE
HAER No. MA-72
(page 12)

TUBULAR WROUGHT IRON

i !

ARCH BRIDGES AND ROOFS.

HRESE EBRIDGES AND HOOFS HAVE

now bLeen fnlly tested in this vicinily, and it is
universally conceded thit they can not he excelled.
The Hoofx, are wholly of Wrought Iron, or mixture of
Wood and lron ; Sheeting alwavs lron.

Thebridzes are wholly Wrought lron except the floor,
whichis woond,like the floora of ordinary Bridges

We are prepared to make these siructures in any
guantities, at prices about asfollows:

Railrond Bridgee, 50 feet spe:, 8,000 1by,, $17 50 per
foot lincal.
~ Common Road or Turnpike,50 feet span,2600 1bs.
85 75 per foot lineai,

Hoafs, all iron, 50 feet width of Luilding, $25 per 100
square feet, part wood and part ivon, from $12 to $2¢
per square.

Increase of span of bridges, or width of huildinga
makes an increase of price, but the increase in price s
no wmore than the increaae of wooden struclures,

P S T e i S T

We can furnish ron of every size to work into
Rridges and Hoofs,and Railroads or other companies
buying the right to use them and the iron of us, can
make their own structures, one third less tlam the
above priees. Our stynctures weigh only fron I-4 to
1-1¢ that of wood ; diffzrence in freight in a lipgdis-
tance buys our work. In a few days we will | ave at
our (actory 497 West Third Street. in this civy, four
different anecimeng of cur Koot, where the publ ¢ can
inapect them to their satisfaction. We heg thh 1 to
give us a call._ns all our work 1= warranted, and we ask
no pay on ordinary johs umil the work isdone and ap-
provt_:d, paynients heing secured on contrcatlng.

Oflice, No. GG West Third street, Cincinnati, O.

mayll, 1259 MOSELEY& CO-

Figure 4. Advertisement for Moseley's Tubular Wrought-Iron Arch Bridge, 1859

(Railroad Record, May 1859, p.288)
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Moseley's Subulny @Wrounght-Fran Areh Bridge,

FOR RATLROADS AND HIGITWAYS.

..-l L

T
h

: R [, I
of I p R £ AT AT A YO VO ST O ) I I
e R

...........

11 fnt Span,

Vimanl Rine, or Hise of Amch, = } the Span,

£ Na lirrrs shawn in this drawine.  Sew Fige. IL and [IL

Figure 5. Illustrations of Moseley’'s Tubular Wrought-Iron Arch Bridge
(Iron Bridges, Roofs, Buildings, & c,

tured b e e (4} , promotional brochures)
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APPENDIX:
MOSELEY PATENTS
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. UNITED STATES PATEXNT OFFICE.

THOMAS W. H. MOSELEY, OF COVINGTON, KENTUCKY.

BRIDGE.

Bpecification of Letters Patant No. 16,572, datsd Pehroary 8, 1857, . .

To ol whom it may concern:

Be it known {hat I, Tuoe. W. H. Mosewzy,
of Covington, in the connty of Kenton and
State uf Kentocky, have mventad an Im-
provement in Bridges. aud that the follow-

. Ing is a full, clear, and exaet deseription of

15

25

40

43

the principle or character which distin-

rishes it frow all other thi before
inuwn and of the usual wanner of making,
modifying, and nsing the sawe, reference
being had ta the accomipanyiug drawings, of
wllilé!l—

Figure 1 represenis a side elevation of
pact of one of the arches. Fig. ¢ a cruss
section_shuwing the form transversely uf
the arches. Fig. 3 is a plan or tup view of
one half of one of the arches. Fig. 4 a de-
tuched view showing the mnude of construet-
ing the orches and, Fig. 5 represenis the
dingunal cross hraces which extend from
arch to arch. ]

My inventicn bonsists in certain improve-
ments in iron bridges hereinafter described
whereby I attain lightness, strength, dura-
bility, aud ecmmmyabeyomi any ironm sirwc-
ture heretofore used for snch purposes.

The arches A, A, of my bridge are of a
compuund character and are lwilt up of
wrought plate irun in such manner as to
give to {he whole arch transversely the form
and strength of an arch, and to admit of
very long spans withuut excessive weight,
presenting ot once the comhined features
of extrmordivary strength and lightness.
Hollow arches for such purposes have been
essuyed before Yot of such form, nli']'l»:icn-
tion and material as to be objectionable un
the grounds of expense, great weight and
deraugement from exponsion and contrac-
tivn by changes uf temperature,

A tmusverse scetion of my compound
arch as shown in Fig. 2, exhikits an arch in
the furm of an ismsceles triangle the bose B
of which is the churd of the arh, This
furm is best adapted to strengih, lightness
and ccomomy of construcvtion and is n fact
the uply form with the Icast weight that ean
be given to a hollow iron arch fur such
purpwe which is not lishle to huckle.

ic plates P, P, P. P, Fig. 4 composing
the arch are so arranged in 1ts construction
as to hreak joints for the pnrl)ose of
strength ; and for additional streugth to the
triangular ercl, I insert a vertical plute R
Lolted to the base plate B and secured to
Plates P, P, P, P, by rivets thus uniting the

plates P, R, and B in the mest adrantageous
manner fur producing a light and rigid
siricture, for its own support and the
bridge below. Under a stran in any diree-
tion which wmay come upon this campaund
arch there is less risk of buckling of eitber of
the plates than in other structures for such
purpose. In order however to give the ot
most strength tu the eawpound arele and
gr_e\'emmg all risk of huckling of the plates
tnsert loose pieces S, 8, which I term sad-
dles. These pieces rest upen the plates B,
and also bear upen the plates P, 1Y, and also
support each uther by their edges which
come into confact asseen at T. T pieces
are nut seenred to either plate but are in.
serted loosely and their npper edges receive
a part uf the pressure of the stirrups E,
of the suspension rods F F. The <hain o
enddles on either side of the componnd arch
thus forms an independent arch and the ef.
fect of each individnal sadile is to
sion to the plates P, P, where nnder grest
pressnre in consequence of the pressure of
the saddle n{:on the base plate E and thus
prevent the buckling of the plates and with
this last increment of strength and support,
it is obvions that the arch can give way to
estreme pressure only hy the actnal rupture
uf the metal of plates P. B, and B The
exterior face of the snddle is formed for
lightness and strength, the superfluous
mctal being removed from those parts snb-
jected to the least strain. The suspension
rods are radial or nearly so to the enrvature
of the arch and tleretore all of them in.
clined to the versud sipc of the arch. The
flooring of the hridge re:ts npon the chord
M of the arch whizh is secural to the feet of
the arch and supported hy the suspension
plate D. The snspension rods pass between
the two plates G, @, which compose the
chard M and the rods are then bolied to the
suspension plate I). The suspension piate
is nut fastened to the chonl M and the effect
of this in conjuuction with tbe radial sus-
pension rod is. in case of great -veight upon
any part of the hridge to throw the strain
upun the whole span at once.

It will be seen that on no part of the
bridge is any weight or pressure nnder the
point of suspension of that part and that
every load drauws npen the whole arch in
consequence of the sliding movement of the
suspeusion platc under the chord ML The
chord M is kept in position laterslly upon

ive ten-
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plate D by Bunges W, W on this plate. The
feet of the arch rest npon curruguted shoes
K, K, for the twofuld purpuse of produring

friction npos the abutnients and of working:
s their way by gradual abrasion into the ma.”

a finn
hold. The two arches A, A, are held to-
gether at top hy diugonal braces L L.

What I claim as juy inprovements is— -

1. The compound arch constructed sub-
stautinlly as herein set forth.

2. I claim the saddle pieces in combina-

terial of the abutments and secrrin

10

16,478

* tion with the

arch.

3. I clnim the sliding sus on
combination with the e:hou{ M
suspeusion rods as set forth,

UPPER PACIFIC MILLS BRIDGE
HAER No. MA-72
(page 17)

stirrups and soid .eompound
i ate in 15
radial

4. T clain the curruguted shoes K K as set

forth.
. N TH
Witnedsas: -

CHap

-

OMAS W. H. MOSELEY.

G. PAIII,.
Cawpapil,
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UNITED STATES PATENT O¥YFICE.

THOMAS W,

1. MUSELEY, OF NOSTOY,

MANSACHIUSETTS.

IMPROVEMENT IN BRIDGES.

Specifiralivn Gaming pan of Leltem Cndenl So. 39,93 4, dated Diehdar 23, 15,

To all wlm it may ceerrn:

He it konwn that ), Tnonas W, 11, Meeas
LEY. of Bostun, in I[m conniy af Rafiulk nml
State ol Mass: inventel g new
md nsetid Improvement in Wreanght - Tron
Trusses G Hridges; wml 1do herety ihadnre
the same 1 be folly denerilwsl in the Bdbawing
specitiention amd sepivsenled in the acvomn-
nying |Imm|||.m of whivh—

Fignee 1ina |n-rs|u-¢-lne view af g luidge-
Y inle with'two ol me pravenl trnsoees,
l-u: 2w trmnsverse seetion of it Fig.dixa
|x-rs|m:lnc rejoesentatinog of une eml ul’ the
trass, with its shoe aml the slnsting.rods mnl
nats applionl therebn, Fig 4 ie another emd
vierw of the truss, witheat the tange. plates.

In the alrawings, A denutes o gisder, In be
wanle ot plate-ivwn,mml 1w lnve the form of the
sexment ol n civele or an ellipse, ur an appnosi-
wniion theretn, A lohg atoqe of wmetal, 1Y,
whivh 1 terin the “clunl,” is Taid olong U
chiord of the said girdes, nd vamected tnereta
Ly bwlts & & b gaing throngh the 1w, il 2
serie of Iimgers, a o o, neninged against the
inner fiuce of the girder aml projecting helow
it.  Inthe formation of 0 enlge these oang-
ers 20 dawn throngh the sevies of e tim bers
1 ¢ ¢, Which conneet the tisses ol the span,
aml aerve fpanpport the Qearing-planks d, te
floor-timhers being In i
hangzers by serews aml nnis applied o the
|Iﬂ\t‘l mul:s nl' nm-h hangers, they being stuwn
at rrin Fig, 2

To pwatecting parla S £ ol e emdn of’ the
arched-phie girder A, reciungnlirstrvigt heu
ing-nlates g gare riv l.-icd the sainl plates Leing
||I wred Upd wise oguing lin: girder-plate. T In-n-
13 9o riveted 1o each aideof thearchel ginler
and along ils are an angle . ivon Henge, L,

stnped in cross.sectinn s represented in Fig,
2 1he rivets for hohling the thanges to the
givder being shmwic at ¢ i in Figs, 2 ond CL,

A oeneh foe s end of the {ress isa shve, 1D,
consisting af a sheet of plate-nzetal dent at
viht megle.  These sluwa rest an fae aint-
ments or picees ¥ I’.,l nl enrl is seenred 10
the traxs Loy 1wii balts, & &, which are conpectal
10 the trass, aml exteml Trom it in oppusite i
weetiona, al aenle angles withit,nmd ;.rullu'ull;.ll
the vertieal port of Ui whioe aml terninate in
serews, o which nnis f I are serewed. These
Imlia, wiike their sevews und nmigx, esides sery-
ingg I seenre 1he almcs 1o the 1rass, answer
nwther porpose—viz,, ns means aof wiljnating
the 1rass, or apsnging oralrawing it aternlly
(more ur less) in Nllnl |l|n-||m||. ns cirewn
RENCCR may reynine,

A Ariss maule of thia plate-iron, oml in man-
ner as above ileseribed, has been fiaml 1o pos-
sexs great atvength nml stabilicy, and itean e
omstmetod at very little expense in compmeri-
sl 1 what is frequeitly expembial Tor trusses
uf' a like s,

1 cluim as my invention.—

1. The improvel truss, as composed of the
nrehed plate A, the chord Bnml the Sungeais ¢,
wr 1he samwe mnl the eml sm-n-rlllemug ||l.|lc
au.

2. The comlination «f the shoes 1 1), aml
their mlnsting sevew.bolts & & aml unla 1,
with 1he {rass mivle of thearched plite A, 1he
chord I3, and the Hangea L U, or the snme "aml
the strengrihening-plates g g, the whnle wing
arrmged sulsiantially as deseribed,

THOS. W, L MOSELEY.

Wilnesses:
k. 11, Ebby,
F. I' NaLE, A7,
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UNITED STATES PATENT OFFICE.

THOMAS W. II. MOSELEY, OF BOSTOX, 'l?r.e\ss.ac_mrsms. e

- IMPROVEMENT IN TUBULAR-ARCH BRIDGES.

Bpcifieation firmilug part of Leticrs Pateut No, 103,763, daled May 31, 18570

I, Tiiomas W. II. MoseEwvey, of Iloston, in
the Btate of Massacharetix, have iuvented cer
taiu uew nad aseful Impravements in Bridges,
which invention is described os follows:

Xature and Objects of the Invention,

The subject of my lavention is o tnlmlar-
arch bridze.  The avel is quadrangular iv its
trousversg seetion, being rouslructed of four
Mates, connected Iy flanges (o eaciy other aml
to w dinpliragurydute, which 1s interposed in
o vertical plune ceatrally hetween ths two
sidex or halves of the arch.  The upper edges
of theze diuplragia-pntes arve earveld, te enr-
resporu] witl the contonr of the top of tim arch.
Their lower eilges ore straight, or ncarly so,
aud ore nearly eoimcident “’hil the chonis of
arcs extending froin Lenenth the apex of the
arch to its toe ot cach end. The diaphragn-
rlnles Jwpart greut strenygth, espeeially to tha

hips of the arch, by affording o greater depth
of ginler at those points. :

My invention furlhier cousista In cmploying
the said diplicazm-plates for the ottaclunent
of the apper ends of the suspension-rods, to
tho lower euds of which the chonl-bars uid
tloor-beans are secured,

The third nud fourth parts of wy invention
relato to devices for conmecting the arch and
its elord-hars, und sustninlug the thimst of
the one aud the teusile wirain of tho vther,

The lifth part of the luveution relates to
" eross or dingaual hraeing, employed to iwpart
additiown] stiffucsa und strength to the kips
. of the orch,

Doscription of the Accompunying Drawing.

Fizmre 1 1aa sidde elevation of n Iridyee, iilus-
traling my invention.  Fig. 2 s a nide deva-
tioh of one end of the xnno an 0 larger scale.,

* Fig. 3 represeuta o vertical trauaverse section
of une sito thereal,

Liks letters of reference refer to correspoad.
Ing part< in all the views, ,

Generul Description.

The main sapporting parts nf wy hridgo
oouxsizt of t wo oF e metallic tubular archies,
A,y of which ouo only ks herzshown.  The arch
1s formedd of plates of wroaght-iren from one-
teuth of au inch te on Juch ur wmore in thick-
ness, ond from three inches to six feet or more

in width, as tho Irngth or spau of the Lridge
or tho revvice It is to perform may require,
The plates of which the arch is mile are
sheaved iu civeular ares of vdlii to snit the
span desivted. The lengitadinal fiauges a a,
through wilch the plates are riveted together,
are formed on their edyes, varying in wilth
ug the jdutes vary—say, from ong inch toeight
inches nr mure—=ninl m angle to snit the ju.
tended Yarus of the tube i its trousvarse soo.
tion. This soction is preferably rectangular,
as shown In Fig. 3, or dionond-shaped, with
ths acute ougles up aud down owd the obiase
ouglea nt the sides, so us to hriug ths major
ox)s In u vertical }lume. Fora tnbe of square
section the flanges nre bent at ongles of forty-
fivo degrees, and tho augles are correspoud-
ingly varied forotber forws of sectionr, sothat
tho plaues of the fanges in tho finished tnbos
will bisect tho ongles torined by tho jauctlon
of the plates.

The structure thns fur deseribed consisty of
8 curved tabo of yundranguldar section, In
o)ylication the edyge or anglo o’, haviug a loa-
gitudiual convexity, is placed uppermost, and
that which 1s conciivout bottom; and in order
toproduceanarchof great poweraud strenpth,
I ajgply, vertically ond loagitudivnlly, betwesn
the halves of the arched tube & wronght-iron
plate, N, which way be of equal thickness with
the side plates of the tube, nud ix seeured be-
tween the npper flauges, ad also betweeo the
lower flaages, hy thranglerivets,

The plate I thus Jdivides the tube A from
augle to awygle, furming two prisas or trinn-
gles, oud produeiny tho streugest form iuto
which irmn eau le put for such o urpose.
This division-plate I3, 1 teran o “diaphragm.®
Ity upper wlge is carved to conform to the
comb or te)e lianges of the nrch-plates; but
ita Jower vy, instand of confuriing to the
Jawer concave edge of tho orcliyilates, Is lefe
otright.

Tho pate B is thus adapted to aerve three
disiiuct purposes: First, it forna w chond to
halt the wirh; recond, it affords additional
depth of ginler ot the hips or haunehes of the
arch, therchy imparting  greatly - lucreased
strength owld stiffucas at thezo points, which,
iu alt arches, are the most fratt nod fexibie
parts; thinl, it iscmpleyed fur the sttachawont
of ths vertical barg, which sastain the clord.
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hars and e tloor-beama of 1lie hridge, ninl of
tha disgaual of ervss heacin g, whisl ls secored
1o the said plate alove aud to the main cliovds
helove, as hereinafier expilained,

Twoof the abovcalescribel enrved tuhes A,
with their erescent-shapad Jdinphragms B, are
ylaced tgeiher, end to eml. as represented in
Fig. 1, ta form ench arel of 1he Inddge. o

Tl vertio) snepensimears 1D vary In slze
avconling 1a requireimens), 2y from twainches
wille amd a quarter of an inch thivk up to

double that size, or wore.  They are attached,

nbont two feet apart, tn the lower part of the
diaphragm B, and exted dewnwaad between
the two chonl-bars E E, 10 which they may be
united by throngh bolts or rivets.
1u soma eases I weld ta each suspensian-bar
a ronud rod, F, which is passed throngh each
of the floor-beams G, and is provided at s
Iawer cudd with i screw-thread ta receive aunt,
H, whlch snpports a washer, I, npon which
the fioer-beamns rest.  Ia ather cases I employ
atirrups J, Fig. 1, eaastmeted iu U furm, of
fiat bardron. The legs af these stirrops ia-
close tiie floor-beams, und project npward be-
tweea the chard-bars E E, to which they are
sccured by hwolte ar rivets. Tha floor-beams
rest with a uniform and level Learing an sad.
dles K, which ill the curves of the stirrnps.
Myx aroda af wuking a union af the eborde
with the archies, at the feet of the latter, ir as
follawe: Lach iliaphragm-plate B is united at
its lower ar guter e to n foot-plate, C, which
fortus a continaation af the diaphragm B, ex-
tending between the twa sides of the ureh t6
the too ar extremity thepeof, aml down to the
bottam af the arch aml the Tower edges af the
chonl-bare. A wronght-iroa plate, L, called
the “shioe,” generally one quarter thicker than
the sida or dInHlnmgm plate, lics in o horizon-
tal position nnder the foot of the arch.  This
slioc ie generally made in width equnl 0 one-
fanrth the vertical heighs of the ureh at its
apex, and W length equal ta twice ar imore the
reatest illameteruf the tobeof the areh.  Buch
igth ie necessary ta alluw room for rivets,
by which 1t is united ta the borizontnl stems
of the nugnlar chard-bars E, a sufllciency af
rivets being used to equal the horizontul stem
of {the chond-bars £ in substance mml atrongth,

To the sides of the arelies, whiero thoy como
in cantact with the slwe T, ure riveted sinaller
angle-barx, M, the lwrizoutal stens of which
are rivetal to the shoes, and similar angle-
bars, N, counect the upturucik emnd LY of the
shoe 1o the too of the arch.

The upright stems af the angle-bars are unit-
¢l 10 the foot-plate © by like rivels, na slwwn
ni ¢, of strength epnal to that of the vertical
stema af the ¢hanl- bars. The liapbragm-
mate 11 i3 farther anited to the shoe at Ita
lower eml by battens and riveta on each side
of the julnis, ns sbuwn at & Al the joints of
the diapshrague-plates, both within the arch-
tnbes aud on the ontside thercof, are formed
by battens nnd rivets b, in siwmilar mauuer,

To impart additinuml stiTuess yo the bips af
the arch, I apply, when necessary, diagonal
vertical braces 10 .0, af T-Irou, erossed, with
their straight faces riveted tozetber, their up-
Eer ends being riveted to the dinphragm-plates

y and their lnwer euds secnm& botween the
chiord-bars K. .

' Cloime,

The fallowiug ie clalmed na new:

L The arch-tube A, af gquadrangular see-
tiau, constructed at’ thangad pintes, combived
with a diaphragn-plate, B, substantially as
deseribed.

2. The diaphragm-plates B and anspeasion-
Larr 1, combined with each other, and with
the areh A and ehond-bars E, substautlally as
set forth. .

3. The diaphragai-plute 11, foot-plate C, and
shioe L, when counected and arranged to act
us described.

4. The combiuation and arrangemont af the
areb A, foot-plute C, shoe L L*, and chord-
bars E E, substnntinlly as aud far the jur-
pozes specified.

3. Thadiaronal hraces O O, constructod und
applicd substantinlly as hevein stated, in con-
lleclil.ﬁl. with the arch A, plata 11, aud chord-

THOS. W. II. MOSELEY.

Witucxses:
Wx. 11, BRERETON, Jr,
Ocravivs Kxenr,
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PATENT OFFICE.

UNITED STATES

B
.

To all sohomt it may conoirw:

Be it kuown thut I, THOMAS W, H. Mose-
1LEY, of Boston, in the connty of Suffolk nnd 1
State of Massachusetta, bave ivcented an Iin-
proved Bridge, of whieh the following is a
npecification:

My iuvention is a combivation of the we
chunival ¢lewments or features whieh ocour
siugly.or in vuricos winor comhiuntions in
bridges. These elewents, as they mny be
teruted, pre the Kiug.post, truss, arch, und
girduer, the object being to avail the use of nll
in ngtructure, to which sach sholl impart its
distiognisbing cinracteristics and valophle
quality.

Iu'the accompauying drawing, Fignre 1 is
& sids elevation of b bridge constructed oftey
1 v plup, ond Inelwling nbont three-quartars
of the span. Fig. 2 is p sectional view,on an’
eulurged seale, of thabridge, on the dotted line
a b, Fig. L. Fig 3 is a view, on b scale larger
thaur that of Fig. 1, of one of the emis of the
structare, whiok lorm the aide of a brilgs.
Fig. 4. is a perspective view of tbat portion
of the strocture in the viciuity of the foot of
the king-post. :

The strocture which forms ove alde of the
bridge counsists, iv the woin, of A A, & pairof
inclived beaws, which meet nt the middle of
the spuil, and ore steppei againat foot-platey
C, reiting on sole-plute D on the pbntwents
E. (Tue ends of tie bridge ure similar, aml
but obe is shown in the principnl figure.)”

b IV is ou arch, which is secured to the two
beams, aud sprivgs from jhe sole-pintes D un
the respective sbotwents; G, a girder ar
cbord, which nuites the foot-plates U nud sale.
plates D, and thus snstain the thrust,and not-
10z as a chord to the arch; H, n king port,
which furms the widdle vertical mewber of
the tross, connecting the beams at their joue-
tiou :with the girder or chord ot its mil-leigtb.
1, a tensinn.-rod, counecting the haunchez of
the arch 4 i with the foot of the king-post H;
K K, &e., sunpeusion rods from the beamnn A
A, to support the girder or chord oud the
tsack-slecpers.

I pow proceed to deseribe the parts more in
detall,

The beams A meet at the crown ur pitch,”

aud each cousista of a fin, ¢, strengtheved and

THOMAS W. H. MOSELEY, OF IIOSTOXN, MASSAONUSETTS.. .

IMPROVEMENT IN BRIDGES.

8pecification forming part of Letiers Patent No, 1 04,588, dated Augnst 30, 1670,

stiBuned Ly angie-lron af of on ltasldes at the
upper edlire, and riveted thereto. Thess fin-
piates rise ut on ongle varyiog from six to
twenty-two degrees, as moy be needed, and
ore the egoivalenta of the beams ur broces in
a king-post bridge, or the privcipal rafiers io
a rool-truss, The foot of the Gu-piate resta
pguiust the ‘vot-plute G, which correspionds in

ibuctioo to a skew-bhack or thruat-block. The -

foot-plate rests npon aud 1s sccored (o & sole-
plote of shoe D, which also receives ths
springing of the ureh & ¥ and the end uf the
girder G, o8 will bo presently described. The
iron fin-pliate o varies in thicaoessas thespao
ol e ureb and the expected Lurden moy re-
quire, muy, (row one-¢ighth ol pu invh to. one
ivch ur mure in thiokness, sud in wilth to
inake @ chierd to hulf the ureh & ¥, und te rep-
sent ou the back ol Lthe latter two tongents,
meeting at the baouck,

Unsupported, this fin-plate, even with the
stiffening of angle-iron on the wpper edge,
lacks the loteru rigidity tuv moke it servioe-
ohle rs p thrust-bsaw; oud this brings we (o
tha description of the orch b ¥, whick ia made
of njiright angle.iron, |-iron, or Z.iron, whicl
is prelerably uf the Jorm best zeen in Figs. 2
aod 3.

The plate, s shown, bas two flauges, b ¥,
united by o web, ¥, the flanges being verti-

cal, bud the weh following the camber of the

arch, A pair of ateh anglu-irous is riveted to
the fins ui the torust-beams A A, une on each

side of lhe latter. The nugle-nlates lurming -

tie orch vory in thickness nnd wilth with the
spou oud expected Lunlen of the Lridge, be-
luy, say, frum one-fourth inch to two inches or
wore in thickness, ond Iram three inches to
two feet or wure in widtihs. They are riveted
throvgh and through no each aide ol the On.
plate, as sbown in ¥Fig. 2, The sboe-piote D
receives the springing of the arch, nad has n
turued-np toe, d, ngainst which the bheel of
nrch throsts. -
‘Fhe ginler G forma the cuord of the arch §
b, ond also prevents the spreading of the foet
of the beaws or fin-plates A A, Each girder
is wale uf dot-bar, flut-plote, or anylearon,
wud preferably of the latter, as clearly seen in
iz 3, the akoped irons being laid with their
vertical langes back to bunk, uud riveted to
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gether at Intervala. At their ends thess gird.
ers or chorls embiracs between theimn the foot-
glbnta 0, 10 whish they are secorely rivetel,

¢ horizoutal flanges of these glnleri or
chonl-barg are likewise riveted to the sole.
;liatn&l). some of tha rivets being neeu at g g,

fbnrn pow dsseribed tha elemcntae eonsiut-
ing of the inslined beuma, the urch, uud the
ginler. The asyle plute areh Lring added to
sach aida of the fin- plutes A, keeps 1he latter
in perfect line, and they thau exert their I'nll
atrength, and each becomes u chord to one-
balf of the wreh, streugthening the latter, es
pecially ot its haunches

H is an Iron kiug ppat, preferably formed of
two T-hurs, & &, with their faces together, as
seen in Fig. 4 These axtend from tha beam
A above to the ginder-plates G beneath, and
are mudae fast to esch.

I I are tension-rods, one ob each side of ths
hridgeiruss. These ureattachedat thair ende
to the ribs of tha plates A A, paas obligoely
dowuward to or nearly to the girder Q, aud
taka bold of the foot of ths king post, which

in then ptllized ax & sirot in ths supporti of
the apez of the compoond beam aud the
crown of the arch, the two heing practically
coinvident as to position. This stralping-rod
haa wotch, cut, or gib, to prevent ita slipping
wheu the load or burden is thrown on thb
hanuch of the arch,

The suspension-roils K are simllar Lo thoee
in ather bridges, and 1lepend frow tha Bu-
plate, to rupport the girders or chonls G und
thesivepers of the road.hed, 3 shown st Fig. 2.

Croas or Iattios Lars Ay Le veen between
the Gu-platex A A and the ohord G, iu cvuues
tion with, indapeudent of, or to ths excinsion
of the suspensiou.rods K.

What 1 clniin &5 pew ige

The combination, in ove bridge-truss, of the
following elements: The besme or fiu-plates
A A, the arch b ¥, the girder or ciord @, king-
post B, and tension-rods I I, arranged as de-
seribel, or in apy eqpivalent mapoper,

TEOS. W. H. MOSELEY.

Witoesses: ‘

JOoHN MULFORD, .
A. P. Hougn
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ENDNOTES
1. Thomas W.H. Moseley, lron: New Epterprise in its Mapufacture and
Application to Building (Boston, 1863), 11.

2.

3. "Thomas W.H. Moseley," obituary in The Boston Journal (March 16, 1880), 4

4. All four patents are included in the appendix, even though three of them
were obtained after the constructlion date attributed to the Upper Pacific
Mills Bridge.

5. Iron dges oofs uildin c tured b he Mose Iro
Building Works, promotional brochure (Boston, 1870).

6. Daniel L. Schodek, Unpublished manuscript containing engineering analysis
of several historic bridges in Massachusetts (Harvard University Graduate
School of Design, 1991).
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